Purpose. Significant advances in the systemic management of metastatic non-small cell lung cancer (NSCLC) have occurred over the past decade, with options now including multiple lines of chemotherapy, epidermal growth factor receptor inhibitors, and antiangiogenic agents. Improvements in overall survival have been demonstrated in randomized controlled trials comparing these newer agents with best supportive care or standard therapy. This study examined uptake of these therapies in general practice and their impact on survival.
INTRODUCTION
Lung cancer is the most common cancer worldwide and the leading cause of cancer death. The vast majority of patients have non-small cell lung cancer (NSCLC), comprising approximately 85% of all lung cancer cases. Over one half of newly diagnosed patients already have metastatic disease (stage IV) upon presentation [1] .
Over the past two decades, there have been significant changes in the management of metastatic NSCLC, whereby surgical therapy is limited and overall survival remains poor [1] . In the 1990s, multiple meta-analyses demonstrated modestly longer survival times with systemic therapy than with best supportive care (BSC) alone [2] . The search for more active agents led to the identification of newer third-generation chemotherapeutic agents such as paclitaxel, docetaxel, vinorelbine, and gemcitabine. Combining these with a platinum agent was shown to result in longer survival times and better symptom control [3, 4] . Further progress was made in the 2000s, beginning with second-line therapy with single-agent docetaxel [5, 6] . Also introduced was the antifolate pemetrexed in the second-line setting [7] , along with recent evidence that cisplatin plus pemetrexed may be effective in the nonsquamous population in the first-line setting [8] . The past decade also saw the development of molecular-targeted therapies such as tyrosine kinase inhibitors. In particular, the epidermal growth factor receptor (EGFR) inhibitors (erlotinib and gefitinib) have been found to be effective as monotherapies in the second-line setting [9, 10] and in EGFR mutation-positive tumors in the first-line setting [11] . Finally, discovery of angiogenesis as a promising drug target led to the development of bevacizumab, a monoclonal antibody against vascular endothelial growth factor (VEGF) that may be of benefit in combination with platinum-based doublet chemotherapy in patients with nonsquamous NSCLC [12] .
Although these newer systemic therapies have been shown, in randomized controlled trials, to lead to longer overall survival times than with BSC or standard therapies, patients in such trials are highly selected and tend to have better performance status scores and fewer comorbidities. Furthermore, elderly patients (aged Ն70 years) are grossly underrepresented in clinical trials [13] , even though retrospective subset analyses of several trials suggest that chemotherapy may have similar efficacy and tolerability in the elderly [14] . Thus, results from clinical trials may not necessarily be reflected in clinical practice.
This retrospective study investigated whether overall survival has improved in the general population with metastatic NSCLC over the last decade, and examined the uptake and impact of new chemotherapeutic and targeted agents introduced during this time.
PATIENTS AND METHODS

Study Design
We undertook a retrospective chart review of patients diagnosed with stage IV NSCLC during three different time cohorts from two comprehensive cancer care institutions (Princess Margaret Hospital and Sunnybrook Odette Cancer Centre), located in Toronto, Canada. The three time cohorts spanned one decade and were selected based on intervals when doublet chemotherapy, second-line chemotherapy, and targeted agents were incorporated into the standard treatment: (a) January 1, 1998 Patients were included if they had stage IV disease at initial presentation or if they experienced first recurrence with distant metastases during the time cohort. Patients with mixed non-small cell and small cell lung cancer were excluded, as were patients with another primary malignancy, with the exception of nonmelanoma skin cancer.
The paper or electronic chart for each patient was reviewed individually, and data extraction was performed using a standardized electronic data collection form linked to a Microsoft Excel database. In addition to demographics, the information recorded included the initial date of diagnosis of stage IV disease and sites of metastasis at diagnosis, as well as the dates and sites of subsequent metastases. The original date of the lung cancer diagnosis (prior to stage IV) was noted when applicable. Details of systemic therapy, radiation therapy, and surgical interventions were recorded. Vital status was ascertained from institutional health records, clinical follow-up, or by searching the Ontario Cancer Registry, with follow-up through to August 19, 2010 . Survival was calculated from the date of diagnosis with stage IV disease. Patients who were lost to follow-up or for whom the date of death could not be confirmed were censored at the time of last contact in the survival analysis.
This study was approved by the University Health Network Research Ethics Board, the Cancer Registry Data Access Committee, and the Sunnybrook Health Sciences Centre Research Ethics Board.
Statistical Methods
Continuous factors were compared among the three cohorts using analysis of variance, and 2 
RESULTS
Patient Characteristics
In 
Treatments
The treatments received by patients in each of the time cohorts are presented in In contrast, the use of radiation therapy remained constant across cohorts (p ϭ .835). Radiation therapy was used for palliation of symptoms, and the most common targets were bone, brain, and thorax. Platinum-based doublet chemotherapy was the most commonly used first-line systemic therapy across cohorts, the choice in almost two thirds of all treated patients. Single-agent chemotherapy was the next most common firstline approach; however, it declined in use as EGFR inhibitors became more widely used in 2008. In the secondline setting, single-agent chemotherapy was used in 80% of treated patients in 1998. This diminished in the later cohorts and was replaced by greater use of EGFR inhibitors and pemetrexed. In 2008, EGFR inhibitors were used as second-line systemic therapy in one half of patients who received second-line systemic therapy, and pemetrexed was used in approximately one quarter.
Outcomes
The survival of patients with stage IV NSCLC improved significantly over time (log-rank p Ͻ .001). The KaplanMeier survival curves for the three cohorts are shown in Figure 1A . The 1-year survival rate was 8% in the 1998 co- The survival duration of patients receiving systemic therapy was significantly better than the survival time of patients receiving BSC (p Ͻ .001), and the survival advantage also increased significantly across cohorts (p ϭ .002) (Fig.  1B, 1C ). Although the 2-year survival rate in the 1998 cohort was Ͻ1% both for patients treated with systemic therapy and for those who received BSC, the corresponding 2-year survival rates were 8% for systemic therapy and 1% for BSC in 2003, and 25% for systemic therapy and 6% for BSC in the 2008 cohort. The median survival times of patients receiving systemic therapy versus BSC were, respectively, 6.0 months versus 3.6 months for the 1998 cohort, 9.6 months versus 2.9 months for the 2003 cohort, and 14.0 months versus 4.2 months for the 2008 cohort. Table 3 shows the results of the multivariate survival analysis. Both the 2003 and 2008 cohorts had better survival, with hazard ratios (HRs) of 0.80 (p ϭ .011) and 0.52 (p Ͻ .001), respectively. The use of systemic therapy was also identified as an independent predictor of survival. The HR for patients who received one line of systemic therapy was 0.48 (p ϭ .015), whereas those who received two or more lines of systemic therapy had an HR of 0.76 (p ϭ .003).
Analysis of Effects on Survival
As expected, having two or more different sites of metastasis at diagnosis was associated with a worse outcome. Having a history of smoking was also associated with a higher risk for death. Contralateral lung metastases were associated with a significantly lower risk for death than with other sites. There was no difference in survival outcomes between the two institutions (HR, 1.04; p ϭ .541).
Treatment and Survival of the Elderly
Age Ͻ70 years was not found to be a significant independent predictor of survival in the multivariate analysis ( Table  3) . The treatment and outcomes of elderly patients (aged Ն70 years) were therefore examined separately. Similar to the overall study population, patients in the elderly subset were also more likely to receive systemic therapy over time ( Table 4 ). The vast majority of elderly patients diagnosed with stage IV NSCLC in 1998 were given BSC only, with a mere 8% receiving any systemic therapy. The proportion receiving systemic therapy increased significantly over time to 26% in the 2003 cohort and to 32% in the 2008 cohort (p Ͻ .001). Of the elderly patients in the 1998 cohort who received systemic therapy, none received more than one line of treatment. In contrast, 34% of patients in the 2003 cohort and 59% of patients in the 2008 cohort received two or more lines of systemic therapy; 5% of the 2008 cohort received three to five lines. Figure 2A compares the increase in the use of systemic therapy over time in the younger (age Ͻ70 years) and elderly (age Ն70 years) subpopulations.
The choice of first-line systemic therapy in the elderly differed somewhat from that of the overall study population (Table 4 ). In the 1998 cohort, the majority (73%) of elderly patients who received systemic therapy were given singleagent chemotherapy, with only 27% receiving platinumbased doublets. This is in contrast to the overall population, in which two thirds of patients (67%) in the 1998 cohort received platinum-based doublets (compare Table 4 with Table 2). Interestingly, the use of platinum-based doublets in the elderly rose in the 2003 cohort to 51% of treated patients, but decreased again in the 2008 cohort to 35%, as a result of greater use of EGFR inhibitors as first-line therapy (in 29% of treated patients). Associated with the increasing use of systemic therapy across cohorts were significant longer survival times in the elderly population (p Ͻ .001), as shown in Figure 2B 
DISCUSSION
This study demonstrates a significant improvement over the last decade in the overall survival times of patients with stage IV NSCLC. This improvement was associated with increasing use of systemic therapy in these patients, including multiple lines of therapy, as well as the adoption of new agents and regimens such as platinum-based doublets including third-generation chemotherapeutic agents, secondline chemotherapy agents including docetaxel and pemetrexed, and EGFR inhibitors. Although the survival benefits of individual agents or regimens have previously been demonstrated in randomized controlled trials involving carefully selected patients, the current study is one of the first to do so in a large cohort of patients with metastatic NSCLC from the general population. The use of systemic therapy in stage IV NSCLC patients doubled from 20% of patients in the 1998 cohort to 42% of patients in the 2008 cohort. The most commonly used firstline regimen was platinum-based doublet therapy, used in approximately two thirds of patients receiving systemic treatment. This practice was consistent across time cohorts, and reflects the substantial evidence that platinum-based doublet chemotherapy improves overall survival and palliates the symptoms of metastatic lung cancer [3, 4] . The evidence for second-line therapy that emerged in the 2000s was paralleled by a marked increase in the number of lines of systemic therapy given to patients across cohorts in our study population (from only 7% in 1998 receiving two or more lines, to 39% receiving two or more lines in 2003 and to 60% receiving two or more lines in 2008).
The introduction of the oral EGFR inhibitors in the early to mid-2000s was a significant advance that was reflected in our study population, with Ͼ10% of treated patients diagnosed in 2008 receiving either erlotinib or gefitinib in the first-line setting. In the second-line setting, 36% of treated patients diagnosed in 2003 and 50% of treated patients diagnosed in 2008 received EGFR inhibitors. As the evidence grows for the benefit of EGFR inhibitors in patients harboring EGFR mutations, we anticipate that the use of these therapies in the first-line setting in appropriately selected patients will only continue to increase. The small numbers of patients receiving VEGF inhibitors such as bevacizumab reflects the fact that these agents are not currently funded by Cancer Care Ontario for the treatment of metastatic NSCLC; those who received these drugs did so exclusively as part of a clinical trial.
The progress made in systemic therapy over the past decade was associated with a significant improvement in sur- Abbreviations: BSC, best supportive care; CI, confidence interval; NSCLC, non-small cell lung cancer.
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New Systemic Therapies and Survival in Stage IV NSCLC we are not able, in this retrospective study, to attribute the improvement in survival to a specific therapeutic agent or regimen, the greater use of systemic therapy certainly played a role. Thus, patients who received one line of systemic therapy had approximately half the risk for death in a 2-year follow-up period of those who received BSC only, whereas those receiving two or more lines had a 24% lower risk than those who received BSC. Improvements in supportive care, most notably advances in antiemetics, and timing of palliative care may also have contributed to improvements in overall survival over time [15] . Interestingly, the elderly subset of our study population was also more likely to receive systemic therapy over time, and this was paralleled by a longer overall survival duration, with an increase in the 2-year survival rate from 0.7% in the 1998 cohort to 10% in the 2008 cohort. Despite the aging of our population and the higher incidence of cancer in the elderly, older patients remain underrepresented in clinical trials, and therefore the evidence in this area is lacking. Our findings lend support to the opinion that all patients with an adequate performance status may benefit from systemic therapy regardless of chronological age.
Finally, in our study population, we observed some notable changes in the epidemiology of metastatic NSCLC over time, with more women and nonsmokers being diagnosed, as well as a decrease in the frequency of the squamous subtype. It has been proposed that the improved survival of lung cancer patients over time might be attributed in part to the increased incidence of lung cancer in women, and the observation that women with NSCLC generally have better survival outcomes than men [16, 17] . However, in our survival analysis, female gender was not a significant predictor of longer survival. Similarly, adenocarcinoma was not an independent prognostic factor for survival, consistent with the results of previous studies [18, 19] . However, this situation may well change because certain therapies (e.g., EGFR inhibitors, pemetrexed) appear to be more effective for the nonsquamous subtypes, and as we recognize that targeted agents are maximally effective when used in patients with cancers that harbor the targeted genetic alterations. With the advent of personalized medicine and development of new targeted therapies, histological characteristics and predictive biomarkers may become increasingly valuable predictors of survival.
One of the potential limitations of this study is the issue of stage migration. Thus, better detection of metastatic disease through advances in diagnostic imaging could have contributed to an increase in survival rates. It should be noted that the use of positron emission tomography scanning during the study period was not routinely available in Canada outside a clinical trial, even in 2008, whereas computed tomography scanning was widely available over the entire study period. We did see a statistically significant increase in the frequency of metastases detected in the liver Fisher's exact test was used due to small cell sizes. 2 tests for association were used for all other comparisons. Abbreviations: EGFR, epidermal growth factor receptor; NSCLC, non-small cell lung cancer; VEGF, vascular endothelial growth factor. and adrenal glands: 18% of patients had liver metastases in 1998 compared with 27% of patients in 2008 (p ϭ .022), and adrenal metastases were seen in 16% of patient in 1998 versus 23% of patients in 2008 (p ϭ .043). However, in our multivariate analysis, having liver or adrenal metastases was not a significant predictor of survival (Table 3) . Although there was a trend toward an increasing number of metastatic sites at diagnosis over time, this did not reach statistical significance. The proportion in each cohort of patients with bone or brain metastases (the most common metastatic sites) also did not increase significantly over time. There was no association between the presence of brain metastases and the lack of use of systemic therapy (data not shown).
Referral bias represents another potential limitation of this study, because the institutions included in this study were academic tertiary centers providing comprehensive cancer care services. Thus, one might postulate that there could have been higher use of systemic therapy in the study population than in the general population. To the contrary, our figures for the use of systemic therapy (20% in 1998 and 42% in 2008) were slightly lower than those reported in a recent retrospective study conducted in the U.S., which showed that 49% of patients diagnosed with stage IV NSCLC in 2000 -2007 received chemotherapy [20] . There are multiple reasons why patients with metastatic NSCLC might not receive systemic therapy, including the decision not to treat because of a poor performance status or comorbidities, death prior to treatment, patient preference, as well as physician referral patterns [21] .
With regard to the latter, we do know that a certain proportion of patients seen at tertiary centers (such as those in this study) are not candidates for systemic therapy and are referred there for palliative radiation only. Others referred for radiation only may have been receiving systemic therapy delivered by a medical oncologist at a community hospital without radiation facilities. Unless the details of their systemic therapy were adequately documented in the chart, these patients would have been considered to have received no systemic therapy. Thus, the most likely effect of referral bias in our study, if any, would have been to underestimate the proportion of patients receiving systemic therapy across all cohorts.
Although it would have been ideal to perform a true population-based outcome study rather than an institution-based study to circumvent the issue of referral bias [22] , the Ontario Cancer Registry does not consistently record staging of disease (in particular, date of diagnosis of stage IV disease) and details of patient treatment, such that this type of study would be impossible in the metastatic NSCLC setting. A retrospective chart review was the best format to answer our question, for ensuring the accuracy of the initial date of diagnosis of stage IV disease, the sites of metastasis at diagnosis, as well as the dates and sites of subsequent metastases (by directly reviewing the imaging reports). Details of systemic therapy, radiation therapy, and surgical interventions could readily be ascertained from the chart. Other strengths of our study included the large study population of almost a thousand patients from two separate institutions, and the three distinct time cohorts spanning one decade.
CONCLUSION
This retrospective study showed that there has been a significant improvement over the past decade in the survival outcomes of patients with metastatic NSCLC, including those aged Ն70 years. This improvement is associated with the increased use of systemic therapy in these patients, and Abbreviation: NSCLC, non-small cell lung cancer.
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New Systemic Therapies and Survival in Stage IV NSCLC suggests that the benefits seen in clinical trials involving new agents and regimens may be extrapolated to the unselected general population with stage IV NSCLC. With continued research and development of new therapies and targeted agents, it is hoped that the next decade will see further improvements in survival and quality of life for patients with metastatic NSCLC. 
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